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CLAIMS 



I claim: 



An apparatus for reducing lasdr speckle comprising: 

a polarizing beam splitter configured to divide a first polarized 
laser output into a second polamzed laser output and a third polarized 
laser output, the first polarized laser output having a coherence length; 

a light guide configured lo create an optical path difference 
between the second polarized laser output and the third pdlarized laser 
output, the optical path difference' being at least about the coherence 
length," the light guide being confWred to direct the second polarized 
laser output to the polarizing beami splitter such that the polarizing 
beam splitter combines the second golarized laser output and the third 
polarized laser output into a fourth Ijaser output; and 

a depolarizing screen coupleduo the fourth laser output, the 
fourth laser output illuminating the depolarizing screen. 



2. The apparatus of claid[ 1 wherein the light guide comprises a plurality 

of mirrors. 



3 . The apparatus of cFaimiSpSither^ 

to the first polarized laser output, the hilf wave plate being configured to adjust a first 
polarization angle for the first polarized Baser output such that the second polarized 
laser output and the third laser output have intensities that are about equal. 
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^4. The apparatus of claim 3| wherein the depolarizing screen comprises a 

diffuse reflecting surface. 

5 The apparatus of claim 4 farther comprising a laser for providing the 
first polarized laser output. 

6. The apparatus of claim 3 wl^erein the depolarizing screen comprises a 
diffuse transmitting surface. 

7. The apparatus of claim 6 furtt\er comprising a laser for providing the 
first polarized laser output. 

""8. The apparatus of claim 2 furtfteA^omprising a laser for providing the 

first polarized laser output, the laser being configured such that intensities of the 
second polarized laser output and the third polaAzed laser output are about equal. 

"^9. The apparatus of claim 8 wherein ^^e depolarizing screen comprises a 

diffuse reflecting surface. 

10.^ The apparatus of claim 8 wherein th^ depolarizing screen comprises a 

diffuse transmitting surface. 



1 1 . The apparatus of claim 1 wherein the |ight guide comprises a 

polarization preserving fiber optic. 
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M2. The apparatus of claim 1 Merein the polarizing beam splitter divides 

the first polarized laser output by reflectiM the second polarized laser output and 
transmitting the third polarized laser outpu\ 

13. The apparatus of claim 12 wfterein the polarizing beam splitter 
combines the second polarized laser output ^nd the third polarized laser output by 
reflecting the second polarized laser output. 

14. The apparatus of claim 1 wherdin the polarizing beam splitter divides 
the first polarized laser output by transmitting \the second polarized laser output and 
reflecting the third polarized laser output. 

15. The apparatus of claim 14 whei;pAi the polarizing beam splitter 
combines the second polarized laser output ancp^e third polarized laser output by 
transmitting the second polarized laser output. 



16. 



A method of reducing laser specklelcomprising the steps of: 

dividing, a first polarized lasejr output into a second polarized 
laser output and a third polarized laser output, the first polarized laser 
output having a coherence length, the\ second polarized laser output and 
the third polarized laser output havingl orthogonal polarizations and 

haviiig ihtensities thaf^^^^ equalT — 

creating an optical path differeiJce between the second polarized 
laser output and the third polarized las( r output, the optical path 
difference being at least about the cohe 
combining the second polarized 



polarized laser output into a fourth laser output; and 
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illuminating 
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i depolarizing screen with the fourth laser output. 



17. The method of claim\16 wherein the depolarizing screen comprises a 

diffuse reflecting surface. 



1 

2 



18. The method of claim wherein the depolarizing screen comprises a 

diffuse transmitting surface. 




Ij 
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18 
19 



An apparatus mr reducing laser speckle comprising: 

a. a polariling beam splitter configured to divide a first polarized 
laser output intoja second polarized laser output and a third polarized 
laser output; 

b. a pluralitylof mirrors configured to create an optical path 
difference between the second polarized laser output and the third 
polarized laser oumut, the plurality of mirrors configured to direct the 
second polarized laser output to the polarizing beam splitter such that 
the polarizing beanAsplitter combines the second polarized laser output 
and the third polarized laser output into a fourth laser output; 

c. a piezoelectric transducer coupled to at least one of the mirrors, 
the piezoelectric transducer being driven by an electrical signal such 
that the optical path difference is varied by an amplitude, the amplitude 
being arie¥st"lib6ut^malf wav^ laser outputr 
the electrical signal hiding an electrical signal frequency; and 

d. a depolarizing screen coupled to the fourth laser output, the 
fourth laser output illuminating the depolarizing screen, the electrical 
signal frequency being |t least a sufficient frequency such that laser 

• speckle is reduced. 



-23 - 



19 




t 



PATENT 

Attorney Docket No.: SLM-04300 

1 ^ The apparatus of claim 19 further comprising a half wave plate coupled 

2 to the first polarized laser output, the half wave plate being configured to adjust a first 

3 polarization angle for the first polarized lasey output such that the second polarized 

4 laser output and the third laser output have /ntensities that are about equal. 

^ The apparatus of claim A)^wherein the depolarizing screen comprises a 



1 

2 ' diffuse reflecting surface 



^ The apparatus of claim\^ further comprising a laser for providing the 

first polarized laser output. / 

diffuse transmitting surface. / 

The apparatus ofifclaim^ further comprising a laser for providing the 

^ first polarized laser output. ' ^ 

13 

/ > 

1 V 2^ The apparatus jof claim 10 further comprising a laser for providing the 

2 first polarized laser output, the laser being configured such that intensities of the 

3 second polarized laser output and the third polarized laser output are about equal. 

- -ft-^ I A 

1 V The apparatus of claim 25 wherein the depolarizing screen comprises a" 

2 diffuse reflecting surface. / > 



1 ^S^. The apparatus of claim ^^wherein the depolarizing screen comprises a 

2 diffuse transmitting surface. 
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1 \ 1 ^ The apparatus of claim ^ wherein the polarizing beam splitter divides 

2 the first polarized laser output by reflecting the second polarized laser output and 

3 transmitting the third polarized laser output. 

1 \^ i^. The apparatus of claim ZSs^whereij the polarizing beam splitter 

2 combines the second polarized laser output and^the third polarized laser output by 

3 reflecting the second polarized laser output. / 

\^ apparatus of claim wl^erein the polarizing beam splitter divides 

€^ the first polarized laser output by transmitting the second polarized laser output and 

Q I 
^\ reflecting the third polarized laser output, j 

apparatus of claim 3$^wherein the polarizing beam splitter 
combines the second polarized laser output and the third polarized laser output by 



transmitting the second polarized laser oiitput. 



■p . sjr 

ij^ ^ The apparatus of claim wherein the electrical signal comprises a 

2 non-square wave signal. h 

1 \\d"^- apparatus of claimlK^wherein the electrical signal comprises a 

2 square wave signal and further wherein the amplitude is about an odd multiple of the 

3 half wavelength of the firsT polarizedmser^utputT ~~ 

1 An apparatus for reducing laser speckle: 

2 a. means for dividing a first polarized laser output into a second 

3 polarized laser outputjand a third polarized laser output, the first 

4 polarized laser outpu^ having a coherence length, the second polarized 
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laser output and the third polarized liser output having orthogonal 
polarizations and having intensities mat are about equal; 

means for oscillating an optical path length of the second 
polarized laser output by an amplilude and with an oscillation 



at 1 



frequency, the amplitude being ai least about a half wavelength of the 
first polarized laser output; / 

c. means for combining the second polarized laser output and the 
third polarized laser output into a fourth laser output; and 

d. a depolarizing screei^coupled to the fourth laser output, the 
fourth laser output illuminating the depolarizing screen, the oscillation 
frequency being at least a ^^ufficient frequency such that laser speckle is 
reduced. 

^^15^ The apparatus of claim"^^ wherein the means for dividing comprises a 

polarizing beam splitter. 

^IL The apparatus of claim ^wherein the means for combining comprises 

the polarizing beam splitter. // 

^ The apparatus of claim ^wherein the means for combining further 

comprises: 




a. a first mirror coupled to the~secoh^^olmzed laser outputrthe^ 
first mirror reflecting the second polarized laser output back to the 
polarizing beamlsplitter; 

b. a first quarter wave plate coupled to the second polarized laser 
output betweenf the polarizing beam splitter and the first mirror such 
that a first polarization angle for the second polarized laser output is 
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rotated by ninety degrees upon the second polarized laser output 
returning to the polarizing beam splitter; 

c. a second mirror coupled to the third polarized laser output, the 
second mirror reflecting the third pc/larized laser output back to the 
polarizing beam splitter; and jj 

d. a second quarter wave plate coupled to the third polarized laser 
output between the polarizing beam splitter and the second mirror such 
that a second polarization anglej^or the third polarized laser output is 
rotated by ninety degrees upon' the third polarized laser output returning 
to the polarizing beam splitter/ 

^\ / 

1/ ^ 38s^ The apparatus of claim 3^\|herein the means for oscillating comprises 

a piezoelectric transducer coupled to the first mirror. 

^"^^^ The apparatus of claim^lwherein the means for combining further 

comprises a plurality of mirrors arranged such that the second polarized laser output 
returns to the polarizing beam splitter and further such that the second polarized laser 
output combines with the third polarized laser output to form the fourth laser output. 




^tQ^ The apparatus of claim wherein the means for oscillating comprises 

a-piezoelectric^tramducer coupled to one of the mirrors. 

4\ A method of reducing ^laser speckle comprising the steps of: 

a. dividing a firsti polarized laser output into a second polarized 

laser output and a third polarized laser output, the second polarized 
laser output and the third polarized laser output having orthogonal 
polarizations and ha^/ing intensities that are about equal; 
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oscillating an optical pith length for the second polarized laser 
output by an amplitude and with an oscillation frequency, the amplitude 
being at least about a half wavelength of the first polarized laser output; 

c. combining the second polarized laser output and the third 
polarized laser output into /fourth laser output; and 

d, illuminating a dep^krizing screen with the fourth laser output, 
the oscillation frequency being at least a sufficient frequency such that 
laser speckle is reduced.^ 

The method of claim 41 wherein the depolarizing screen comprises a 
diffuse reflecting surface. 

^ The method of claim ^wherein the depolarizing screen comprises a 

diffuse transmitting surface. 

44. An apparatus for rediJting laser speckle comprising: 

a. means for dividmg a first polarized laser output into a second 

polarized laser output ana a third polarized laser output, the second 
polarized laser output andme third polarized laser output having 
orthogonal polarizations andOhavkig intensities that are about equal; 
means for switching^o^en first and second optical path 
V lengths for the second po^^rp^Sd "lase^^^ 

6 first and second optical path lengths being about an odd multiple of a 

half wavelength of the first polarized laser output; 
c. means for combining the sk:ond polarized laser output and the 

third polarized laser output into a fo^h laser output; 



4 
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12 d. me3i^ for diverging the fourth laser output in a first direction to 

13 create a fifth l^er output; 

14 e. a scanning^irror coupled to the fifth laser output, the scanning 

15 mirror reflecting the^th laser output to create a line illumination; and 

16 ^* ^ depolarizing sCT^en illunnnated by the line illumination, the 

17 CVA ^. scanning mirror repeatedly sca^rang the line illumination across a 

18 Q ^ portion of the depolarizin^^scrcen such that the means for switching 

19 maintains the first optical path length for a first scan, switches to the 
2|5 second optical path length for a second scan, and alternates between the 
2^ first and second optical path lengths fot subsequent scans. 

V if ^1 ^PP^^^^^ claim wherein the depolarizing screen comprises a 

^(\^ diffuse reflecting surface. 

1^ ^ 4^ The apparatus of claim ^*^wherein the depolarizing screen comprises a 

% diffuse transmitting surface. 

-13 V 

^ \ 

1 47. A methocrof reducing laser speckle comprising the steps of: 

2 a. dividW a first polarized laser output into a second polarized 

3 laser output andSa third polarized laser output, the second polarized 

4 laser output and thes^hird polarized laser output having orthogonal 

5 J polarizationsTiid having^i^^^ 

6 ^ b. switching betweemfipt^nd second optical path lengths for the 

7 second polarized laser yutput, a difference between the first and second 

8 optical path lengths being about^n odd multiple of a half wavelength of 

9 the first polarized laser output; \ 
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c. coiM)ining the second polarized laser output and the third 
polarized las^ output into a fourth laser output; 

d. divergin^he fourth laser output in a first direction; and 

e. scanning the*^urthJaser output in a second direction across a 
portion of a depolarizin^^so^^ in a first scan with the first optical path 
length, in a second scan@ffi^the second optical path length, and in 
subsequent scans alternating b^een the first and second optical path 
lengths, the second direction beingVQrthogonal to the first direction. 




id of claim 

diffuse reflecting surf&e 



The mqfliod of claim ^Is^herein the depolarizing screen comprises a 



^ The metn|)d of claim >^wherein the depolarizing screen comprises a 

diffuse transmitting surface. 



An apparatus for reducing laser speckle comprising: 

means for combining a first polarized laser output and a second 
polarized l^ser output, the first polarized laser output being incoherent 
with the second polarized laser output, the first polarized laser output 



and the secc^nd polarized laser output having orthogonal polarizations, 
whereby a third laser output is formed; and 



b. "a depolarizing screen coupled to the third laser' output. 

The apparatus of claim 30 wherein the depolarizing screen comprises a 
diffuse reflecting surface. 
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ly^ The apparatus of claim^ wher^n the depolarizing screen comprises a 
diffuse transmitting surface. 

{jf^^ The apparatus of claim ^ wherein the means for combining comprises 

a polarizing beam splitter. i I 

The apparatus of claim ^ v^herein the means for combining comprises 
a multilayered dielectric device which transmits the first polarized laser output and 




reflects the second polarized laser outpuj 



The apparatus of claim 5^ wherein the means for combining comprises 
a birefringent crystal. 



A method for reducing|laser speckle comprising the steps of: 

combining a first polarized laser output and a second polarized 
laser output to form a /third laser output, the first polarized laser output 
being incoherent with/the second polarized laser output, the first 

polarized laser outputfand the second polarized laser output having 

\ 

orthogonal polarizations; and 

illuminating a depolarizing screen with the third laser output. 

."^^ 

The method of claim ^ wherein the depolarizing screen comprises a 



diffuse reflecting surface. 



The method of claim 5^ wherein the depolarizing screen comprises a 
diffuse transmitting surface. \ 
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VJ(l/ An apparatus for reducing laser speckle comprising: 

a. means for rotating a polarization of a laser output, whereby a 

rotating polarization is formed, the rotating polarization being driven 
with a rotation frequency; and 

a depolarizing screen coupled to the laser output, the rotation 
frequency being sufficient|to reduce laser speckle. 

V 



The apparatus of claim 3^ wherein the means for rotating comprises an 
electro-optic polarization rotator. 

1/ 



The apparatus of claim B9 wherein the means for rotating comprises a 
half wave plate, the half wave plate bling mechanically rotated. 



,^6^. A method for reducing 

a. rotating a polarl 



jlaser speckle comprising the steps of: 
zation of a laser output, whereby a rotating 
the rotating polarization being driven with a 



polarization is formed | 
rotation frequency; ann 
b. illuminating a depolarizing screen with the laser output, the 



rotation frequency being sufficient to reduce laser speckle. 




An apparatus for reducing laser speckle: 

mearis forllividingW laser output into a second- 

polarized laser output and a third polarized laser output, the first 
polarized laser output having a coherence length, the second polarized 
laser output and the third polarized laser output having orthogonal 
polarizations and having intensities that are about equal; 
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^Jk^^^^ b. a light guide coupled tA the second polarized laser output, the 

light guide creating an optical ©ath difference between the second 
^^j/t^"'^ polarized laser output and the tnird polarized laser output, the optical 

path difference being at least about the coherence length; 

c. means for combining thelsecond polarized laser output and the 
third polarized laser output into a fourth laser output; and 

d. a depolarizing screen coumed to the fourth laser output. 

64. The apparatus of claim 63 \^herein the means for dividing comprises a 
polarizing beam splitter. 

65. The apparatus of claim 64 wherein the means for combining comprises 
the polarizing beam splitter. 

66. The apparatus of claim 65 wherAin the light guide further comprises: 

a. a first mirror coupled to ihe second polarized laser output, the 
first mirror reflecting the seconfijpolarized laser output back to the 
polarizing beam splitter; 

b. a first quarter wave plate cbupled to the second polarized laser 
output between the polarizing beam splitter and the first mirror such 

Y that a polarization angle for the second polarized laser output is rotated 

~" by mMty degrees iQ)Oira fir s^^^ 

output to the polarizing beam splittefi 

c. a second mirror coupled to th^ second polarized laser output 
subsequent to the first return of the second polarized laser output to the 
polarizing beam splitter, the second mirror reflecting the second 
polarized laser output back to the pola^zing beam splitter; and 
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d. a second quarter v ave plate coupled to the second polarized 

laser output between the polarizing beam splitter and the second mirror 
such that the polarization ingle for the second polarized laser output is 
rotated by ninety degrees upon the second polarized laser output 
returning to the polarizing ©eam splitter. 



67. The apparatus of claim 65 \^herein the light guide comprises a plurality 
of mirrors. 

68. The apparatus of claim 65 wjierein the light guide comprises a 
polarization preserving fiber optic. 
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